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GALAPAGOS SPECIES DIVERSITY:
IS IT ON THE LAND OR IN THE SEA?
By: Stewart B. Peck
In the past 10 years at 1east five important scien-
tific books have been published on the biota of the
Ga1ápagos (e.g., Bowman et al. 1983, Berry 1984,
Perry 1984, Grant 1986, Grant and Grant 1989). These
books, or their inc1uded chapters, have usually (but
not a1ways) focused on one or a few species ofterres-
trial plants or vertebrates. A new book, edited by
Matthew J. James (1991) is amuch-needed summary
of many groups of shallow-water benthic marine
invertebrates of Galápagos. James noted (1991) that
he had compiled a list of over 600 references on
Galápagos marine invertebrates, and that copies of
the list are available from him on request. This is an
astonishing amount of scientific literature.
I was asked to write a review of James' book for
the Quarterly R eview of B iology. Whi1e doing this I
got to thinking about the comparative diversity of
organisms in both terrestrial and marine environments
of the Galápagos. Some students and visiting scien-
tists at the Charles Darwin Research Station will know
that 1have a distinct bias in favor of terrestrial organ-
isms, and that 1be1ieve most biodiversity is terrestrial
and not in the sea. This is based on the fact that 1.8
million species of all anima1s and plants have been
described; and of these described species, 55% are
insects (Stork 1988). We know that this is a low es-
timate of the true number of species which may be
somewhere between 10 and 30 million for insects
alone. However, the number of described species can
serve as a frame of reference.
Insects are virtually exc1usively terrestrial (but a
few do live in freshwater). When we add to the in-
sects the other terrestrial organisms such as mites,
spiders, some nonflowering and most flowering
plants, and a few others, we have a total of about 65%
of all species of life as inhabitants of terrestrial (and
freshwater) habitats. Now consider that only 30% of
the earth's surface is land. We can then quickly cal-
culate that global species diversity (based only on
described species) is about six times richer per unit
area on land than in the ocean.
With that background, 1 wondered about the pro-
portions of species in Galápagos marine and terres-
trial habitats. Jackson (1985) suggested that there are
about 550 species of naturally occurring p1ants, and
about 270 species of fish, and smaller numbers of
other organisms. However, here I am most interested
in the relative proportions of invertebrate anima1s. I
compiled the avai1ab1e information summarized in
James (1991),Peck (1991), and my unpublisheddata
on insects and other invertebrates. These are present-
ed in Tab1e 1. After examining the tab1e, I think that
severa1 interesting generalizations emerge.
1)Undoubtedly farmore invertebrate species occur
in the Galápagos, both on the 1and and in the sea, than
we would have probably imagined.
2) Very litt1e is known about what 1ives in fresh-
water on the Ga1ápagos, partly because this is a very
rare habitat.
3) Even ifthe other known Ga1ápagos organisms
such as fish, vascu1ar plants, lower p1ants, 1and ver-
tebrates, and a1gae were added to the above figures,
there would still be on1y a somewhat higher number
of organisms known from terrestrial habitats than from
marine habitats.
4) Some marine invertebrates have not been sum-
marized, such as the non-coral coelenterates, sponges
and some crustacea (especially zooplankton), and
unstudied groups such as rotifers, sipunculids, echiu-
rids, etc., that will be added to the 1ist of insects and
mites and unstudied terrestrial and freshwater groups
such as nematods, tardigrads, copepods, and oligocha-
etes that will increase the numbers of terrestrial and
freshwater species.
5) Thus, the dominance of Galápagos terrestrial
diversity over that in marine habitats certainly seems
to be not as great as the global average. Why would
this be? An obvious partial explanation is that the sea
is a dispersal highway for many (but not all) marine
organisms, but that the sea is a formidable barrier to
terrestrial organisms. Dispersal for terrestrial organ-
isms must be through the air or on the surface of the
sea. Another explanation is that, upon arrival, the
habitat must be suitable for the colonists, and they are
Marine Invertebrates Number Number
of the Galápagos of Species of Endemics
Meiofauna in marine beach sands 390 ?
(9 phy1a) (Westheide 1991)
Coe1enterata, Scleractinian coral s 44 11
(Wells 1983)
Annelida, Po1ycheta (Blake 1991) 192 50
Anthropoda
Crustacea, Brachyura (Garth 1991) 120 27
Crustacea, Caridean and Stenopodid
shrimps (Wicksten 1991) 65 6 ?
Crustacea, Porcelain crabs (Harvey 1991) 12 1
Crustacea, Cirripedia (Zullo 1991) 18 4
Crustacea, Amphipoda (Barnard 1991) 50 19
Crustacea, marine caves (Iliffe 1991) 20 16
Mullusca (Finet 1991, Kay 1991) 652 148
Bryozoa (Bamta 1991) 184 34
Echinodermata (Maluf 1991) 198 33
Total 1,945 349 (= 18%)
Terrestrial (and Freshwater)
Invertebrates of the Galápagos
Mollusca, 1and snai1s (Chambers 1991) 83 80
Spiders (Baert et al. 1989, unpubl.) 80 55
Mites (Schatz and Schatz 1988, Schatz 1991) 155 ?
Other Arachnids (Peck 1991) 21 15
Crustacea (Peck 1991, and unpubl. data) 21 5
Centipedes and Millipeds
(Shear and Peck 1987, 1992) 19 6
Insects (Peck 1991 and unpubl. data) 1,616 900 ?
Total 1,995 1,061 (= 53%)
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Table 1. Species diversity in invertebrates in marine and terrestrial (plus freshwater) habitats in the Galápa-
gos. Correction and additions are appreciated.
more 1ike1yto be optima1 in the sea than in the sub-
optimal and seasonally intensely arid conditions on
land. Lastly, islands are generally known to have a
smaller subset of species because of their decreased
habitat diversity. While the marine habitat diversity
of the Islands may be equiva1ent to that avai1ab1e in
continental Ecuador, it is certain1y not so for terres-
trial habitats.
6) We can also see that many more of the terrestrial
invertebrate species are endemics than are the marine
invertebrate species. This means that once the ances-
tral co1onists reached the Is1ands they were much more
likely to be iso1ated and to evo 1ve species differences.
This strengthens the theoretical basis for under-
standing the reasons for isolation of the terrestrial
invertebrates in item 5 above.
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We are now beginning to learn about the true di-
versity of Galápagos life. Researchers should get on
with learningmore aboutthisdiversity: whereitcame
from and how it got the way it is. After all, the Galápa-
gos are the world's best preserved and protected
tropical oceanic Archipelago. These Islands have
much more to tell us than we have learnOOfrom them
already. The book by James and his contributors is a
good start. It is a pity we do not yet have a research
base of 600 references on the terrestrial invertebrate
fauna to draw from.
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THE UNNATURAL COLONIZATION OF GALAPAGOS
BY SMOOTH-BILLED ANIS (CROTOPHAGA ANI)
By: Peter R. Grant and Tjitte de Vries
The Galápagos are the most isolated Islands in the
eastern Pacific that have a clearly and wholly Amer-
ican terrestrial bird fauna. Smooth-billed Anis
(Crotophaga ani) were first recorded on the Islands
in 1962. This was surprising since they fly soweakly.
Single individual s were seen on Isabela that year, on
Santa Cruz 4 years later, and on Santiago in 1967
(Harris 1973). None were seen again untilI980-81,
when some appeared in the farmland of Santa Cruz
(Harris 1982). Since then a breeding population has
become established on this Island, where at one time
numbers were estimated to be well over 5,000 birds
(Rosenberg 1987), and individuals have been seen on
many otherislands in theArchipelago. How did these
cuckoo relatives reach the Galápagos?
Possibly they flew across the 1,000 km of open
water from continental Ecuador. Harris (1973, 1982)
suggested an alternative, that the anis were introduced
by farmers in the belief they would remove tics from
cattle. He pointed to their basically sedentary nature,
weak flight, and association with cattle as reasons for
thinking they were introduced, while acknowledging
that individuals do sometimes wander outside the
normal range of a population. We have made a survey
of bird faunas on other eastern Pacific islands, and it
supports Harris' suggestion that their journey to
Galápagos was not accomplished without human help.
Crotophaga ani, or its close relative C. sulciros-
tris (the Groove-billed Ani), is found on thecontinent
from Chile north to México, but neither occurs on
